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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve photosensitivity and 
operation speed of a semiconductor photodetector, while 
reducing the thickness of the light absorbing layer of the 
photodetector. 

SOLUTION: A semiconductor photodetector is constituted into 
a multilayered semiconductor structure containing a light 
receiving layer . 14, and light is made incident obliquely to the 
layer 14 in the thickness direction the layer 14. The light 
receiving layer 14 is sandwiched between semiconductor layer 
13 and 15. The refractive index of the incidence-side 
semiconductor layer 15 is higher than that of the other 
semiconductor layer 13, having a higher refractive index than 
that of the light receiving layer 14. Accordingly, the light made 
incident to and transmitted through the light receiving layer 14 
is reflected totally at the boundary between the layer 14 and 
th semiconductor layer 13 and is retransmitted through the 
layer 14. Therefore, the effective light absorbing length of the 
photodetector increases. 
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[0047] 56. 54, 5 3 JfA^ft-ffU IN 

WMKtftf 3KSXM5 4<»Fcmn 

9mfc*w#m5 5tf\^x\^hifi, mm*?, zmmiz 

[0048] 56, 55, 54, 53m<r>ZK 

fjx«aj)r*3.3 8, 3.4 3 9, 3. 5 9, 3. 17fc** 
~?&k. Z<TM. InGaAsft^yf 5 4£3fc«:jI3Sfttf = 
25.8 8' TSttfrfS. 3Bi3fe»fclB5 4*cHL#7JW 
Mk^«« i NWMi36 t InGaAs3t5eiyi 5 4 ,k "9«Jf* 

^RW«0*fr U< cos-' (nj/nj ) ; fcrtfU njJ43K 

5 4 *>ffi*fs(s» n 2 {43feA»ffll k %MWV*mi¥m 

[0049] v-yiy/^-H^T-^y^iO^^A 
L, ^RSttcJ: *) , 1 0 0%cosl+** 1 B«©JR« 5 4 
&a3SL, ©JR$^i»it^J:0, EPi05ty^TXl.O 

fc» *cORSt^±IEfrfflT'^a-^fci6, _Ul<7)m@5 7 

SartMfc^WWftMltSriJaHt J: < fr 3 i fc * 

^mm-rim'kx'ti. o. 6a/w©kl^#^^ 

i-y^^-vy r J jmRio^z. ft® 

7T-i^im\ m^coWNt (S^ffl«$r7A(mx2 
O^m) 5rBo^l»cOT, SmK?r^<«^* J ^, 

3dB^5 0GHz oi«*a«w^3&«!rsre*'ofc. 
[0050] £ cr>mmmx'ti. ttt&xm 5 4 tit a 

$cO/h$=5:InP ^*®5 3^ffl^TV^*J, ftSBfrl 
5 4 co^fff^j; oast^hs < > £micOgktt£ffi&T 

Z&bOX'fotltf. InGaAsP-^InGaAlAs^, Kc&X'i>& 

\,\ ttz. zcommma. mm. 5 5 um<ojjMttzstt 

[005 1 ] ZnmmMX'li. ^ffifflJCDp-InP S 5 3li 

2r, Zn OiESt^, -< ^yaAftfc *<Otfc<OT~-/Wc 
[0 0 5 2] ¥S«cS3t*^^(4, S 1 sm» 

J; 0fiE4*^li: y a <y h*- mSbfc^tc, I5IE3K 
Setlkttffi^a >y h*-mmk<vmv>i/ a -y 
MiOtft^ys >y b^-PtM^mrffi^s -y 
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Ml±. In,- x - y Ga, Al y As (Olxg 1 , OSyS 1 ) 
XJi. Inj-.-yGa, Al y As (O^xg 1 , O^yS 1 ) 
t%cr>±.CT>m->lni-u Ga u As,- V P„ (OsSu^l, 0 

[0053] ifc. £<^SfcMti. StKk 
GaAs5 6 5rfflV\ S^Mtn-InGaAsP Jl5 5SrfflV^^J 
T^S**. p-InP Jf£fflvvc&±te?5p fcn frjSKLT 
H«(^l?#«r«grS)0. 4fc, n-GaAs^ P -GaAsMS£ffl 

tOO 54 3 -I^T-ti, g3fc«5 4£:LT«3-*B 

— FtwffiVi^txS Separate-absorption-graded-multip 
li cat ion (SAGM) ftis-** 5 Separate absorption and mul 
tiplication superlattice (SAM-SL) ffiik^i&COMftf?- 

V\ ttz. InGaAsP /InP ^UtfkOInGaAlAs/lnGaAsP 
^AlGaAs/GaAs^^tf^^W^-^S^rtft-t.!. J: 3 

%mmx- h x v »i t urn o 4 -c i> &v *. 

[0055] C SlB£0»] 5 ] 06 «i*»HBco^ 5 cO§Ht£#J 
^iffi^-f^Kfrffi^ffi0T-*>&„ 6 2t±0. 2/zmJlp * -I 
nGaAsP (1. 2;umifflj£) ®. 6 3lil. 5wmlp * -InP 
Jf. 6 4i±0.4^mHlnGaAs3£g3frS. 6 5.20.4jum 
J?n-InGaAsP ( 1 . 4 ju mfflfiS, ) 1, 66 ii^ffeSfttlnP 
SM. 6 7(i P mm. 6 8 (in «ffiT'$)l.. Srfc. B\tH 

[0 0 56] !}?^)S3fcJfffl«{230,umXl 50j«m 
5 5jnm3t(i, ft^frl 6 4 (3*f L . 8 
4° OAttftTAtf-fSi^l-'O'* 6 6. 

64, 6 3JI*^iX<m. fS^ia+cO. 3tS3tS^ML 
3fcA&fW<7)±*: h ^mW-M. TBBfc/I. *5?*JI^*tL 

-m. K%?m6 4<Dfrm<7)?mizm^¥mfam6 5*> 
A-?T^£>#. PiflH\ RStiwcA-^Tvvti, i^. 

[00 57] vI-IT. 66. 64. 6 3 !§cr>-ttl?tl<7) 
Stff^3. 17. 3. 5 9. 3. 1 Sr^JSTf £ i: . £<3B*. in 
GaAs^S^Ji 6 4 £*teili®ft of> = 2 8. 8 * Tfflia-f 

WInGaAsftg3£J16 4 i OSlfr^'hS&InP 

fc«k 0 . -¥*£littc7)InP 6 6 Kit^f/r^*^ < £r> 
TUSfc*), £Rtt<D*ft <<£< cos-i (n 2 /n,) ; 
*£ L . n, }i*58*Ji 6 4 <V®inm . n 2 UtffeAWW fc Rtt 
W«o¥£flcJI6 3coJSiJr3SS) £)WJ1U 3B4i^Hi»T 

[0058] iillcj: "9.10 0 %ORW3b6«li*«JR 



fl6 4£ii3fiL. ®UK£*t&.rk(cJ;9, EP»^T 
.XI . 0 VT"S3t!&£0. 8 A/Wj^±i0^cS $rfi**» £>ft 

16 7 0XRJB& £ fcRtt^^coffiffl**** $fl&^03 

T*. p ra#-Lffi«OiaBr£BHt::#lkU ZZX'COXMM 
16S&>X*W8-t&*te~Cli* 0. 6 A/Wg*LiW»£> 

[0059] dCOHil^Tli. 3i£S^6 4 (C**L36A 

^cO/hSffcasatKH-rinP ¥«*i§6 3?:ffiV^TV^i, 
3tS3teB6 4coSi)T*J; 0®3l^h$< . £K3t<o 
^rr£«£T'# 4 t,«0-C*<l«r . Al AsSb^«ig« K-T 
InGaAsP -^iaJUS H-rinGaAlAs^^Tt &V>. 4 

[0060] ZCOmmmX'ti. *ffiffl)J<5Dp-InP «6 3 it 
^^zi.->xmiS.L.X^hifi. «AX*?tt7yF 
-TlnP ItU ^HIBlO^sap^co^^c^®^ 
Sr. Zn <7>tkfiH\ -Y^V^AS£i:^^cOT--/W3 

[oo6iit^ ^mwzftm^mMt. m 1 

Biitfi^H -y hJf-A'^^M hO*v^Wf* 
S(i. In!-,.), Ga x Al y As (OSxS 1 , OSyg 1 ) 
Xti. Ini-i-yGa, Al y As (OSxSl , O^y^l) 
k-e<O±«0,^^Ini.. u Ga u Asi- U P w (OSuSl, 0 

[ 0 0 6 2 ] 4fj. dCOWWi. TffllCn-InGaAsP J| 
6 5 tfflV\ ±{fl9^p-InP m 6 3 i: LT^&#. ±iE«0 
P kn ^i2tcLT|BI«vCS?^agTJ) t 9. n-InP 
^P-InP *«tffl^TtH*t=«fr*«r«T*4. 

[0 06 3] ifc, d^TIS. S3t«6 4t LT^I-ffi 
fijtcoy^^Srfflv^-CV^I.^. 7^7yi/i7^ 7 '^ 
— (otlh Separate-absorption-graded-multip 

lication (SAGM) fifis-^ Separate absorption and mul 
tiplication superlattice (SAM-St) ItJt^ffiO®^ 

\\ 4^:. InGaAsP /InP ^l^rOlnGaAlAs/InGaAsP 
^AlGaAs/GaAs^^rk'<7)mcOtt^ J ?'S^I*)^E-r& J: d 

%mA%x-i> ^ztten?£x-i>%\\ 
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[00643 c mmm 6)07 \±*&m<nm 6 vmtw 

0. 2u.mWv" -InGaAsP (1.2^m^) Jf, 7 3111. 
5ummp * -InPJB. 7 4(10. 4xxmffInGaAs3K^ 
JI. 7 5ii0.4//mJIn-InGaAsP (1.4 5/imM) 
«. 7 6J#HfilMSInP 7 7Hp m®. 7 8(in 

[00 6 5]*^f3feiffltli30/jmx 1 5 0jum 
"Obi. 3fcAtf®7 1(1. *ffiC*fL8 OJgWSMtr^ 
ttTJBlfiUfc. it^<^g|5^jft{i#«CO^X.y f-X-yf 

mmLft&zmwLx&fiLLxhx^. (oo 

l)jHlf(c2tU 10flfct7*)ailK*fflVvCPD»«r« 
#U ^lci'9 8 0«<50ASt«®S:ffMt'Ci> < i:V\ 
AW® 7 1 (;:i±*RS*|gS£B*j£LT^& . 
[00 66] 3r*5. 76. 74. 7 SMtfttl&X. It 
*JH*<0. 3B?3fc«(cttb#AI«^±*:&^ft/i. 

&&mizttm~t& . zcomx-n. x&itmi A<nKW> 
mmzM^^m&mi 5#a->-ch>-s>#*. miik\ km 

WfcA^TvvCfc.]:^. 

[0067] d-IT. 76. 74. 7 3 m^ti^tl^ 
3.5 9. 3. lfcitJW&i:. Sfc^l. 5 5 
jum^te. #g#Ji7 4fc*tU 83. 1 4" ^AWftT 
Atf-rS±-5^§„ icOB#. InGaAs3K3Btli7 4*3fe 
<£BM 4> = 2 8. 7 5 ' . 7 4 

tzft L ft ASfflfl fc KttflJO^ttB^I nGaAsftSftJf 7 , 
4 lOJSlffsp^hiS&InP i£i$fom7 3t l z£K>mf£.Ztl 
TfcO. SfeCWtMCK-tV^fciO. ¥!6*814<5DIn 
P 7 6 (cib^@#r*#vh£ < TV •>•!.*:*'>. ±$M<n 
cos-' (n 2 /n,), ;fcrt:U n,i±ftgft*7 
4cOJ®*f^. n 2 U:ftAWMfcRttffi^¥&#Jf7 30JB 

[00 68] yym-K^r-lA'fcriOiJiA 
L . J: 0.100 %<7)^3t3K* i 'S«©iRe 7 4 

0/*m) iS-j'tiW, g^g^JS <o. 



3dB^Hg3 0GHz tfDjBKaBBf^A^Tfc^fc. 
[0069] itf5SOt0!TJi. %g%M 7 4 tcttLftA 

mcD'hZtcm&m h'-TInP 39MWB7 3£jflvvtv*i 

ftgft«7 4?)®tWJ: 9a3teWv&<» 
Zm-Zffi&X'Z h tOT'&ilif . AlAsSb^aia* F— 7* 
InGaAsP ^i«ft&K-T]nGaAlAs^&/v-CtJIV , >. 4 
fc,' ^tO^»i. ifcftl. 5 5/xin<*>A»3fcfcitl/Cj* 

[0070] ifljiatweji. *®WJwp-inP M7 3\± 

IMMWfc J: -> "C L T ^ 4 ** * IMAJITI t T > F 
-TInP ikt, ^WJl<7)±ft&^#co¥i£ffcO««® 
Zn ODfcfcSH 1 . ^^yaA^i:-?-Oflc«OT--;W: 

[0071] *>t, *mw&%m=mM±, mimrnm 

<t 0J5K-l»*S3iyii:x3 -y h-^-HlitOHtc. miift. 
gftmt -y h^P— mffii:60tac0>-3 -y b*H» 
ftiOfcJtV^a -y h*— HatfcWiEi'a ■» 
tMLT*i--&v-3 -y h*— AUT/vf 

B?fE^3 >y h^— AUT^-f h«0«V^S* 
Jlti. In!-,., Ga, Al y As (OSxSl , O^ySl ) 
Xti. Ini. g .,Ga,, Al y As ( OSxS 1 , OSyS 1 ) - 
t-^i^SflMnj-u Ga u Asj.. P v (OSuSl. O 

[0 07 2] 4^. i<0»tMli. S«tLT¥iffii^tt 
InP 7 6 5-fflVK «««^n-InGaAsP if 7 5 SrfflV^J 
T****. p-InGaAs®^fflV^Tt±a<OP in 2ri£(cL 
■CfMMcWPWC* 1 }, n-lnP ^>p-InP m& 

[ 0 0 7 3 ] 4fc, i ITU. S3tB 7 4k LT^-ffl 
(ScO^ n*/^ fflV V ^ & y ^ x 7 * Y y-i ^ 
— H twffl V> ^ilS Separate-absorpti on-graded-mul ti p 
lication (SAGM) fltilr^ Separate absorption and mul 
tiplication superlattice (SAM-SL) Wm^^W^rf- 

ffim^mfomwzm v ->t t «t v ^ t jim 3 * t- *> =3: 

V\ ifc. InGaAsP /InP SUWOlnGaAlAs/InGaAsP 
J?>A1 GaAs/GaAs^^r if COttlCD W4^S5r rtft-T & l 3 

[0074] 

%&mw--);mzttL®Mzwm-z> x o iz uz^m^ 
mvrmK KKtmiztfL^mmtrntmn^mftm 
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3 2 


P + -InGaAsP/I 




3 3 


P-InP Jf 




34 


InGaAs3ta3te)B 




3 5 


n-InGaAsP jf 




36 


InGaAsP J| 




3 7 






38 


p 


■mw -nil**? *««i^nfi t 


39 


n 




42 


p + -InGaAsP/1 




4 3 


P-InP if 




44 


InGaAs*3BW 


[122 3 «^Bi^^**»l^«:S^4H-C 


4 5 


n-InGaAsP if 




4 6 


¥«&*IH*GaAsSlR 


[03 ] *minm2<nmifoMzmm-tmmmmT' 


4 7 


P Sffi 




48 


n Hfii 


[04 ] ^f&nomcvmmmzmfy-t mmmmmx- 


5 1 






52 


P ♦ -InGaAsP/i 




53 


p-inp m 




54 


InGaAsftgft/1 


[06 ] *^^ 5 co^|JitM^SiBB-ti>»iffiM«0-C' 


5 5 


n-InGaAsP If 




5 6 


¥*feHH±GaAs3S1K 


[07 3 *ftw<r>m6cr)mtmzmw-t&mffi®mmx' 


57 


p MM 




58 


n Hffi 




62 


P + -InGaAsP/f 


12 p + -InGaAsPJI 


6 3 


P + -InPJB 


1 3 p-InP if 


64 




1 4 InGaAs*»3tt« 


6 5 


n-InGaAsP /I 


1 5 n- InGaAsP 


66 


*»*MtInP 


1 6 InGaAsP If 


. 6 7 


p 


17 pfl 


68 


n flU 


18 n ^ffi 


7 1 




21 *Attffi 


7 2 


P + -InGaAsP/f 


2 2 P-InP J| 


73 


P + -InPB 


2 3 InGaAs^S5^» 


74 


InGaAsftg^S 


2 4 n-InP if 


7 5 


n-InGaAsP if 


2 5 n-InP 


7 6 


**e^ttinp mm 


2 6 p MM 


77 


P ®f& 


2 7 n mffi 


78 


n ?||£ 



3 1 3£AltS 
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[01] 
17PSS 



1 us p — j 



12 p + -InGaAsP» 
13P-InP/» 
HlnGaAsttftttJg 




16rnGaAsP» 



[02] 



22p-InP/l 

23lnGQAs^t*^Jl 
24n-InPJl 




25n-lnP£*S 



27 n«fc 



*A&f®31 



13] 
38p«& 



32 p + -InGaAsP* 
33p-InP» 

34lnGaAs 



39nfc& 




35 

n— InGaAsPfl 



36InGaAsPJ* 
37^«ltmnPSte 



( 1 1 ) 3200 1 - 53 3 28 (P2001-53 35$ 



[04] 




52 p^-lnGaAsPil 
53p-InP« 



54lnGaAs#:ft#« 



56 nfg 




55n-lnGaAsPW 



[06] 




62p + -InGaAsPJi 
63p + -InP» 

64lnGaAstt£tt* 



68n«S 



^ 65n-InGaAsPA 

-66 mmnp&m 
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